ABSTRACT: Objectives: Information obtained at around age 8 years was used to construct a model that predicted persistence of, and recovery from, stuttering several years later. A logistic regression model that classified children as persistent or recovered at the teenage years using stuttering history and symptom information obtained at around age 8 years was constructed and validated. Methods: A longitudinal study of 222 children who stuttered was conducted. The children were followed up from around age 8 until the teenage years. Persistence and recovery outcomes were established at the teenage years for 206 of the children, based on agreement across 3 standardized instruments. The data from 132 children were used to develop the model, and the data from the remaining 74 children were used to validate the model. Risk factors assessed at the beginning of the study were head injury, age at stuttering onset, family history of stuttering, handedness, whether a second language was spoken in the home, gender, and scores from the Stuttering Severity Instrument Version 3. The information about risk factors was obtained at around age 8 years by interview, except for the severity estimate, which was obtained by analysis of recordings and observations of physical concomitants associated with stuttering. The model was developed using logistic regression procedures. Results: The only factor to predict the persistence of, and recovery from, stuttering at the teenage years was stuttering severity at around age 8 years (none of the other factors being significant). For the initial model, the sensitivity (percentage of the group that was classified as persistent) was 84.1% and specificity (the percentage of the group that was classified as recovered) was 78.3%. For the validation, sensitivity was 76.3% and specificity was 72.2%. Conclusions: Persistence and recovery at teenage can be predicted from information that can be collected at around age 8 years with sensitivity and specificity of ϳ80%. (J Dev Behav Pediatr 32:196 -205, 2011) Index terms: developmental stuttering, persistence, recovery, risk factors.
mental stuttering up to about age 8 years, ϳ60% of cases started before age 3 years, and 85% of cases had started by 3.5 years. 1 Many of these children recover relatively soon after the problem started. Thus, recovery rates of between 65% and 80% have been reported 3 to 5 years after stuttering onset. 1 However, developmental stuttering can start after age 8 years, and recovery can occur at any age up to the teenage years. 2 Approximately 50% of children still stuttering at age 8 years will recover by the teenage years. 3 Risk factors for predicting persistence/ recovery for these older speakers have not been examined, but there is relevant literature for younger ages.
Several recent reports have examined what factors put a child at risk of starting to stutter and whether they persist or recover (see the study by Yairi and Ambrose 1 for a review of earlier studies on this topic). Reilly et al 4 investigated what factors predict whether a child is at risk of starting to stutter, in a study on 1619 children. The main analysis used logistic regression and examined gender, aspects about the child's birth, education, details of social factors and siblings in the family, history of stuttering in the family, temperament, and language performance. The model to predict stuttering onset had a poor fit to the data (the authors reported that only 3.7% of the variance was accounted for). This may be due to the fact that 91.5% of the children were fluent and only 8.5% stuttered. When multivariate classification procedures such as logistic regression are used to classify children as fluent or stuttering, high accuracy can be obtained by classifying all children into the most frequent category. 5 A larger-scale retrospective study of 14,157 adult Swiss army conscripts was conducted to establish risk factors for stuttering. 6 The authors obtained information on a wide range of risk factors grouped into the categories of putative risk factors for stuttering, health and family factors that place children at risk of developmental problems other than stuttering, and concomitant problems that occurred in childhood. Logistic regression and path analysis were used to develop the model. Six factors were significant predictors for risk of stuttering (obsessive-compulsive disorder in family members, an alcoholic mother, an alcoholic father, a foreign parent, which was considered to be a proxy that a second language was spoken, in incubator at birth and being restless and fidgety in school).
The work of Yairi and Ambrose 1 has focused on children around onset and followed them up to about age 8 years. The main goal was to establish prediction criteria for persistent stuttering, soon after onset. They also reported comparisons between their stuttering samples and controls, concerning what factors were associated with stuttering onset. A wide range of factors was considered, including age at onset, family history, gender, symptom frequency, and phonological and language development. Factors where there were significant differences between children who persisted and those who recovered (and also, in some cases, differences between these groups and controls) were established. Except for phonological and language factors, where Yairi and Ambrose were guarded about how these factors influenced development of stuttering, all the factors listed differed between persistent and recovered children. Significant differences between samples of persistent and recovered children or between these and the controls for different prediction criteria do not necessarily mean that the factors put a child at risk of persisting in or recovering from stuttering or starting to stutter. Thus, in the work of Reilly et al, 4 the factors that differed significantly between children who stuttered and controls did not result in a convincing model for predicting risk for onset of stuttering. In a sample of children who stutter up to age 8 years, there is an imbalance between those who recover (80%) and those who persist (20%). Consequently, models for predicting risk of persistence/recovery developed for children up to age 8 years face a similar problem to that mentioned with respect to the study by Reilly et al 4 (in this case, high accuracy would be obtained by classifying all children as recovered).
A significant number of children continue to stutter after age 8 years, and because we know that some of them will recover, prediction criteria and risk modeling for recovery should be investigated for late childhood stuttering. Risk factor modeling at older ages does not have the imbalance problem mentioned previously, thus it constitutes a further reason for examining this age range. 3 Risk factors for stuttering near age at onset may or may not be the same as those that predict the eventual course into persistence or recovery. However, as a starting point, the risk factors for older children were selected from the literature that has examined children close to onset 1 as well as from the available work on prediction criteria about persistence to the teenage years. 3, 7 
METHODS

Participants
A total of 222 children from 35 primary health care trusts, who were referred to specialist clinics and confirmed as stuttering, were seen. The specialist clinics took children from different areas around London, encompassing a mixture of socioeconomic status communities. These participants were not used in previous work that identified some of the risk factors examined. 3 All participants were assessed during the teenage years to see whether they had persisted or recovered (detailed below). Sixteen cases (7.2%) were excluded because of lack of agreement on the 3 instruments used to classify participants as persistent or recovered. The initial logistic regression model was based on information from 132 of these children. Seventy-four children were used for validation. For these children, 1 or more of the predictor variables other than Stuttering Severity Instrument Version 3 (SSI-3) was missing and unobtainable (e.g., age at onset could not be remembered or family history was unknown because the child was adopted). All these children had persistence/recovery outcome assessed in the same way as for the other 132 children.
As noted, recovery rates of ϳ50% have been reported between 8 years and the teenage years, 3 and this value is optimal for using logistic regression for classification (which is not the case when there are big imbalances between classes 4 ). Examination of a cohort starting at the lower age range is also advisable because 8 years is the age at which large numbers of children enter clinics in the United Kingdom. The reason that so many children first attend clinic some time after onset is that many parents initially hope that the problem will self-correct, 1 but another factor is the time involved in obtaining a referral. Starting the study at around age 8 years does not mean that diagnosis and prediction of stuttering persistence should be deferred to age 8 years.
Inclusion Criteria
Children who were secondary referrals to the specialist clinics were included. Stuttering had to be confirmed by a trained and qualified therapist who specialized in childhood stuttering. All children were then admitted to treatment. The subsequent treatment was in the form of a 1-week intensive course, and it was ascertained that this was the only treatment received. All information used for predicting persistence and recovery was obtained before the treatment was received.
The National Health Service in the United Kingdom provides speech and language therapy for free at the point of delivery, but local health authorities work to a budget. In practice, children who stutter receive free treatment the first time they are referred but rarely receive further treatment via the National Health Service (according to information supplied by the British Stammering Association's chief executive). Although private treatment is available, this is expensive and not usually an option for cohorts with low socioeconomic status (such as many of those in this study). A final factor that may influence lack of reports of other treatments is that parents and children may be reluctant to admit that they seek alternative forms of treatment in addition to those obtained at clinic (e.g., those advertised on the internet or ones that use prosthetic devices).
Vol. 32, No. 3, April 2011
Classification as Persistent/Recovered
All the children were reassessed during the teenage years. This information was used to see whether each child persisted or recovered. Standardized and validated instruments for assessing persistence and recovery for children who stutter in the selected age range have been published 7 and used in peer-reviewed publications, 3, [7] [8] [9] [10] and these were used here. The assessments were based on a modified version of Boberg and Kully's questionnaire. 11 The questionnaires have been used in conjunction with severity estimates to classify participants as recovered or persistent in examinations of risk factors for persistence 8, 9 and in a study examining whether anxiety disappears when stuttering recovers. 10 Importantly, these instruments do not include estimates of symptom severity (otherwise symptom assessments could not be used as a risk factor, as the reasoning would be circular). Logistic regression models that were intended to predict persistence or recovery during the teenage years based on the risk factors obtained at around age 8 years were developed.
The 3 assessment instruments used to classify children as persistent or recovered were the following: (1) a structured report that obtained specific information from 1 of the parents of the child who stuttered (Parent Report Form); (2) a similar report from the child who stuttered (Child Report Form); (3) a set of ratings given by a trained researcher who interviewed the child and a parent for at least 40 minutes (Researcher Report Form). All 3 assessments had to be in agreement for the participant to be classified as persistent or recovered; this was true for 206 of the original 222 children. Sixty-nine of the group of 132 participants (52.3%) were classified as recovered. The difference between the recovery rates for this group and the remaining 74 participants was not significant by chi-square ( 2 (1) ϭ0.249, ns). All children were followed up for a minimum of 12 months to check for remission. There was no remission of stuttering in this period (or subsequently for those followed up for longer).
It can be difficult to maintain the involvement of adolescents in studies such as this. This was a potential problem because the design of the study required that children be tested during the teenage years. We were able to achieve high retention rates for several related reasons. These children were first seen when they were around age 8 years. The importance of staying in the study whether or not stuttering was considered by the family to be ongoing was emphasized at this time and repeatedly throughout the project. One highly experienced person (S.D.) was the primary contact throughout this period, and his expertise and the high regard in which he was held by the families are evidenced by the fact that they often contacted him for general advice (such as issues to do with schooling). All these facts helped to ensure the families' continued cooperation in the study.
Procedures
The risk factors for persistence/recovery were obtained once the children were confirmed as stuttering at around the age of 8 years. Seven factors were included: (1) Head injury: it has been reported that a high proportion of speakers who stutter had experienced head injuries before the onset of stuttering. 12 This factor was included because it has been used to support Alm's popular dual-process theory 13 ; (2) Age at onset of stuttering was used because the chances of recovery are best shortly after the condition starts. Thus, the odds for recovery decrease the longer the child stutters 1, 14 ; (3) Family history: work on young children has shown that almost half of all children who stutter have a family member who stutters or used to stutter. 1 It has also been claimed that the form of stuttering (persistent or recovered) runs in families, which may possibly suggest different forms can be inherited 15, 16 ; (4). Handedness: the proportion of left-handed children who stutter is significantly higher 3, 17 than the 10% of left-handed children in the population at large. 18 It has also been proposed that righthandedness increases the chance of recovery 17 ; (5) Speaking 2 or more languages in the preschool years increases the chances of children starting to stutter 6, 7 and decreases the likelihood of recovery from stuttering 7 ; (6) Gender: more boys than girls were found to stutter in the age range from onset to the teenage years (a ratio of 2.4:1 overall). 2 Contemporary studies have confirmed an overall predominance of males over females and that the sex ratio increased with age. 19 Being female is associated with an increased chance of recovery, 15, 20 although an alternative explanation of these data is that later onsets occur mainly in boys. 21 There is also some genetic evidence that suggests different forms of stuttering in males and females, 22 based on reported linkage to different areas on certain chromosomes for the 2 genders. Different genetic factors in males and females may lead to different propensities to persistence or recovery; (7) Stuttering severity assessed by a standardized instrument (SSI-3). 23 SSI-3 was 8 points higher at age around 8 years for children who persisted than for children who recovered. 3 Severity (indicated by frequency of stuttering and length of stutters) has also been reported to be important for persistence with younger speakers in the study by Yairi and Ambrose on young children who stutter. 1 The information on each risk factor was obtained as follows: (1) Parents/caregivers were asked whether their child had ever sustained a head injury that resulted in loss of consciousness and/or hospitalization. When a positive response was given, they were asked at what age the incident occurred. Parents were confident about these reports; (2) Parents/caregivers were asked at what age their child first started to stutter. Semistructured prompts were used to aid recall, e.g., before or after starting school or when onset occurred relative to the birth of a sibling; (3) Parents/caregivers were asked about whether any blood relatives of their child had ever (or still) stuttered. For positive responses semistructured prompts were used to establish the degree of relationship 15 ; (4) Parents/caregivers were asked which hand their child used for the majority of everyday tasks, including handwriting, using a computer mouse, cleaning their teeth; (5) Parents/caregivers were asked what languages were spoken in the home. If more than one, they were also asked which language was spoken most and to assign an approximate percentage (e.g., 70% Wolof/30% English); (6) Gender was established by parental report; (7) The SSI-3 score was obtained from speech samples when the child was first seen, 23 following the instructions in the manual. SSI-3 was based on recordings of spontaneous and read materials, and observations of physical concomitants that were made at the time of recording (facial tension, hand movements, and so on). The physical concomitant judgments were all collected by the second author (S.D.). Frequency of stuttering and duration of stuttering events were obtained from the recording by trained personnel. The first 6 variables were coded as binary values while the SSI-3 score was a continuous predictor variable.
Other risk factors would have been included if time with the families had permitted. Specific mention should be made of phonological and language factors. These were not included in this study, although the speech data allow some such analyses to be performed in the future. As mentioned earlier, language factors were included in studies concerned with prediction criteria for onset, 4 but they do not appear to be the primary predictors. Also, Paden and Yairi 24 concluded that the presence of a phonological delay near the onset of stuttering should be considered as a warning sign for persistent stuttering rather than the sole or main predictor, and Watkins 25 did not find any notable pattern of language delay in the stuttering children who were followed up.
Intrajudge and Interjudge Reliability
Intrajudge and interjudge reliability were calculated separately for percent stuttered syllables and duration of the 3 longest stutters (2 of the scores required for calculating SSI-3). Eight judges made the original SSI-3 estimates, and each of them judged additional samples (spontaneous and a reading) from 10 children who stuttered, similar to those used here. These judgments were made after the judges had completed their training, to check their performance. The samples of speech used in this check were not part of this study. Data from the 8 judges on these 10 sample pairs were used for assessing interjudge reliability. Agreement between all pairs of judges for frequency of stuttering varied from 83% to 89%, and these resulted in kappa coefficients 26 that represented a high degree of agreement. Two judges repeated the assessments on these 10 sample pairs a second time, and these were used for assessing intrajudge reliability. The agreement for both of these judges on the 10 samples for frequency of stuttering was 89%, giving a kappa coefficient that represented a high level of agreement. The 3 longest events selected were always the same within or across judges, as the files being used for making SSI-3 scores were displayed on a computer screen that displayed durations. For similar reasons, durations were very similar within and between judges (Ͻ3% difference in durations), and both intrajudge and interjudge scores were not significantly different by independent and paired samples t tests, respectively. For the data used for the models developed with the 132 participants, the range of scores on the SSI-3 at first assessment was 8 to 44, and for the other group of 74 participants used for validation, the range was 8 to 43.
RESULTS
Descriptive Statistics for Test and Validation Groups
The 6 binary variables (labeled at left) and their incidence in the group of 132 children are given in Table 1 . Data on these variables for the group of 74 participants were only complete for gender (overall, there were 5.6 boys to each girl). This is higher than reported for younger speakers who stutter 2 and may be because more girls recover than do boys. 19 The mean age at onset of 
Models for Predicting Persistent/Recovered Outcomes for the Test Group
The first step was to produce a logistic regression model that did not include any of the predictors. This served as a benchmark against which to evaluate subsequent models, which included selected predictors. The benchmark model applied a constant category to all cases (all cases were designated recovered, which resulted in 52.3% being correctly classified). Sensitivity of the model (percentage of the group that had the persistent characteristic in this case) was 0%, and specificity (the percentage of the group that had the recovered characteristic) was 100%. The Ϫ2 log-likelihood (Ϫ2LL) statistic was 182.718 (given in part 1 in the middle column of Table 2 ). Ϫ2LL is a reference statistic for the benchmark model. Subsequent models that have better predictive power should lead to a significantly lower Ϫ2LL than that of the benchmark model, which would indicate that the model had a closer fit between observed and predicted persistent and recovered classes than the benchmark model.
The predictor variables were entered into the model next, using the backward stepwise method. The method started with all the variables included in the model, and it was then tested whether any of these predictors could be removed without significantly affecting the model fit. The statistical criterion to establish whether a predictor should be retained was whether the Ϫ2LL decreased significantly after its removal (assessed using the 2 statistics). Thus, if a predictor was removed and the Ϫ2LL was significantly reduced, then it should be kept. One nonsignificant predictor was removed per step, starting with the one that had the least impact on how well the model fitted the data (selected automatically). It was apparent that all predictor variables except SSI-3 at first assessment could be removed without affecting the fit of the model. Thus, SSI-3 at first assessment was a significant predictor and no other predictor added significantly to the fit of the model. The statistics for all steps are given in Table 3 . The model at step 7, which included SSI-3 at first assessment only, led to a change in Ϫ2LL of 61.582 (182.718 -121.136), and this was highly significant by 2 , which supported the conclusion that SSI-3 at first assessment was a good predictor (a change of 61.582 with 1 df has p Ͻ .000). Three statistics commonly used to estimate model fit were obtained for this model. Cox and Snell R 2 was .373, Nagelkerke R 2 was .497, and McFadden R 2 (sometimes called the likelihood regression index) was .346 (summarized in part (2) of Table 2 ). All indicated good fit of the model to the data. The classifications for the final model are summarized in part 3 of Table 2 .
The predicted outcome that was correct for scores Ͻ0.5 was recovered and for scores Ͼ0.5 was persistent. Based on the model, misclassification occurred when the predicted probability was Ͻ.5 but the child was designated persistent and when the predicted probability was Ͼ.5 but the child was designated recovered. Altogether, 25 children were misclassified, which gave an overall correct classification figure of 81.1%. The sensitivity of Column 4 is significance of the change in twice the log likelihood (Sig of Ϫ2LL) and degrees of freedom for this are always 1. Column 8 is significance of the Wald statistic (Sig), and degrees of freedom for this are always 1. All variables are included in the left-hand column at the first step. The variable that had least impact was removed at successive steps, and the impact on the model fit was reassessed to see whether that variable should have been kept. the model to persistent children was 53 of 63 (84.1%), and specificity with respect to recovered children was 54 of 69 (78.3%). The model predicted that 68 children would be persistent, and 53 of these were true positives, giving a positive predictive value of 77.9%. The model predicted that 64 children would recover; 54 of these were true negatives, giving a negative predictive value of 84.4%. The classification data are summarized in part 3 of Table 2 . Logistic regression models at all other steps also classified 54 recovered children correctly (they all had the same specificity). However, models at these steps misclassified more persistent children (up to 14 compared with 10 children at step 7). Thus, these models were less sensitive than the one at step 7.
The classification accuracy discussed in the previous paragraph examined the data above and below the probability value of .5. The accuracy of classifications at other predicted probability values was examined next to see whether accuracy was better for more extreme probability values than for less extreme ones. The more extreme values were examined first (furthest from the .5 probability boundary). Thirty-three (33/132 ϭ 25.0%) children had predicted probabilities of between .75 and 1, and there was a high probability that these cases persisted at the teenage years (29/33 ϭ 87.9%). Thirtynine (39/132 ϭ 29.55%) children had predicted probabilities of between 0 and .25, and there was a high probability that these children recovered by the teenage years (37/39 ϭ 94.9% of these children were confirmed as recovered by age 13 years).
Next, the less extreme values were examined (i.e., those closer to the .5 probability boundary). Sixty (60/ 132 ϭ 45.45%) of the 132 children fell between .25 and .75 probability values. These 60 children were relatively evenly split between persistent (32/60 ϭ 53.3%) and recovered (28/60 ϭ 46.7%) outcomes; on inspection, it was clear that probabilities assigned to children in this range predicted outcomes less well than for the extreme values. Even so, a 2 test showed that there was a significant association between outcome (persistent/recovered) and whether the scores were from below or above the .5 probability value for scores in the 0.25 to 0.75 range ( 2 ϭ 7.84, df ϭ 1, p ϭ .005). This showed more recovered children than expected in the range 0.25 to 0.5 and more persistent children than expected in the range 0.5 to 0.75. The results for the more and less extreme values are shown in Figure 1 .
Although the model just discussed indicated that the variable SSI-3 at first assessment was the only significant predictor of stuttering outcome, the combined influence of the remaining predictor variables may affect the predictive power of the model. This was checked by entering SSI-3 at age 8 years as 1 block and the remaining predictor variables as a second block. The efficacy of the model was assessed as previously. The results were examined to see whether adding the binary predictors improved fit of the model as previously (improvements were indicated by changes in Ϫ2LL, and the pseudo R 2 statistics). The benchmark model for this procedure had identical statistics to the benchmark model used earlier.
For the model with SSI-3 at first assessment entered as block 1, and the other predictors as block 2, the statistics were identical to those reported in the backward stepwise model at step 7 (i.e., the best model). Thus the method produced the same results as the best fitting backward stepwise model.
Validation
As validation, the performance of the backward stepwise model that included SSI-3 at first assessment only was explored using the 74 children who had missing data on some of the binary variables. They had been characterized as persistent or recovered in the same way as the original 132 children. The benchmark model placed all children in the persistent class (there were 51.4% of these, which was the overall percentage the model predicted correctly). The log likelihood statistic (Ϫ2LL) with only the constant was 102.532. The 2 test that compared the Ϫ2LL of the benchmark model against the model with SSI-3 at first assessment as a predictor variable was significant, again indicating SSI-3 at first assessment was a good predictor 2 (1) ϭ 39.973. The Cox and Snell R 2 was .417, the Nagelkerke R 2 was .557, and McFadden R 2 was .390. The classification table showed that sensitivity was 76.3% and specificity was 72.2% and that overall percentage of cases predicted correctly was 74.3%. The model predicted that 39 children would be persistent; 29 of these were true positives, giving a positive predictive value of 74.4%. The model predicted that 35 children would recover; 26 of these were true negatives giving a negative predictive value of 74.3%. The benchmark, fit statistics, classification, and persistence/recovery statistics are summarized for the validation data in the right-hand column of Table 2 . Overall, the validation group confirmed the results reported on the test group.
Checks were made to establish whether the children with incomplete data differed from those with complete data by randomly assigning each group of children to 1 of 2 groups and fitting the model that included SSI-3 at first assessment alone. No significant differences were noted to the model fit when this was done compared to the original models that included complete or incomplete data.
DISCUSSION
Seven risk factors were available before treatment started at age 8 years to predict persistence/recovery at the teenage years. Only symptom severity, measured by Stuttering Severity Instrument Version 3 (SSI-3) at first assessment, was a significant predictor for risk of persistence. In the age range 8 years to teenage years, ϳ50% of children recover from stuttering. 3 The logistic regression model that only included SSI-3 at first assessment was able to correctly predict 80% of the outcomes by the teenage years with equivalent specificity and sensitivity. The findings were replicated on a separate group of 74 children in the same age range for whom persistence and recovery were determined as with the main group. Yairi and Ambrose reported the related finding that frequency of stuttering-like symptoms and its trend over time gradually diverged for persistent and recovered children. Differences between persistent and recovered children with respect to severity did not happen at the very early period after the onset of stuttering. This may suggest that risk factors for persistence and recovery near onset are not the same as those during the later course of the disorder (as Yairi and Ambrose 1(p192) state: "Although very early severity is unrelated to outcome, later severity is a primary indication for concern.").
Note that the SSI-3 score was not a criterion for recovery by the teenage years, otherwise findings that this was a risk factor at onset would be circular (effectively this would simply show that SSI-3 score at the starting age predicts persistence/recovery by the teenage years, which can be determined from SSI-3 scores at the teenage years 3 ). SSI-3 estimates can be made in various ways (as outlined in the manual), and the different methods may affect how well outcome at teenage can be predicted. Our SSI-3 estimates were based on audio recordings and notes about physical concomitants. The audio recordings were transferred to personal computer for analysis. Disfluencies were annotated. This ensured that we had a permanent record for checking and that durations of stuttering events were measured exactly (neither of which is guaranteed if analysis is made while listening to a recording). The sensitive procedures we use lead to higher SSI-3 values than other procedures that are used in clinics. 27 We avoided specifying any particular SSI-3 threshold score at first assessment that divided persistent and recovered children, to avoid the risk of people making invidious comparison of estimates obtained with other procedures allowed when obtaining SSI-3 scores. However, there is an allied issue regarding the threshold that should be applied to SSI-3 scores when stuttering is being diagnosed that deserves comment. The issue is what SSI-3 value divides children who stutter from fluent children. The SSI-3 is silent on where on the distribution of scores nonstutterers would fall.
Consequently, nonstutterers are, at best, classified as "very mild stutterers." We did examine whether there was some cutoff value, below which no child who stuttered scored, and how this related to measures of frequency of stuttering. As indicated earlier, the lowest SSI-3 score at first assessment obtained by our children who stuttered was 8. This score is the sum of the subscores for the percentage of stuttered syllables, duration, and physical concomitants. Children who stuttered who had SSI-3 scores at first assessment of ϳ8 typically had duration scores that contributed 2 points (the average duration of the 3 longest stutters being 0.4 sec or shorter) and physical concomitant scores of 2 points (which would arise when 2 of the 4 attributes, distracting sounds, facial grimaces, head movements, movements of the extremities, were "only noticeable when looked for" with the remaining factors scored as having no physical concomitants). Subtracting 4 from the overall scores would lead to 4% stuttered syllables or less being the threshold between fluent children and children who stutter. Bearing in mind that we used the sensitive computer scoring method, this is in approximate correspondence with the 3% criterion used by Yairi and Ambrose. 1 However, it should be emphasized that the symptom sets to which these thresholds apply are not exactly the same. In particular, Yairi and Ambrose include single-syllable whole-word repetitions as symptoms, whereas SSI-3 specifies that these should usually not be included. Riley 23(p4) stated "Repetition of phrases or whole-words, and pausing without tension are not counted as stuttering. Repetition of one-syllable words may be stuttering if the word sounds abnormal (shortened, prolonged, staccato, tense, etc.)." If the features given in parentheses occurred, they would lead to the word being counted as stuttered on other grounds anyway, so there seems to be no reason to qualify the statement that single-syllable word repetitions are not counted as stutters in SSI-3. 27
Caveats
The sample started with children aged 8 years. Many children who have started to stutter will have recovered before that age. 1 This resulted in recovery rates being lower (at ϳ50%) than for those studies that use younger ages, where rates are 80% and higher. 1 The age of children at the start of the study was chosen because many children attend clinic at this age (and the proportion of children who seek treatment before this age has not been reported in any study to date). However, an issue that is important to research is risk for recovery and persistence over the entire age range over which recovery occurs, which is usually taken as ϳ3 years to the teenage years. 2 Conceivably, one way to move toward the goal of predicting over the entire age range would be to develop a corresponding model for onset to age 8 years. However, a model for this age range cannot easily be developed, because of the imbalance problem outlined in the introduction (because many more children recover than persist between onset and age 8 years). However, it is possible to investigate whether the model developed for children aged around 8 years to the teenage years, where there are no major imbalances between numbers of persistent and recovered children, applies to younger age groups. Similar procedures would need to be applied to the samples at the younger ages and those used in the current work so the model can be applied (i.e., assess the same speech symptoms, determine persistence/recovery in the same way, check whether the children subsequently had treatment as our children and those of Yairi and Ambrose 1 did). The current model may or may not be applicable; the quote from Yairi and Ambrose at the beginning of this discussion might suggest that risk factors for stuttering in early and late childhood are different. Whether the risk factors are the same or not over the entire age range could be assessed by determining whether the model developed for the older age range correctly predicted persistence or recovery for the younger age range. A similar approach can be taken to see if the model allows children who stutter or who are fluent to be differentially diagnosed.
It is possible that the children were selected by clinicians because they were judged at initial referral to be likely to be responsive to treatment. If so, this would be another reason for expecting that the results would not generalize to all children who stutter, some of whom would and some of whom would not receive treatment. We checked with the clinicians who delivered treatment whether they had selected children based on an estimate of whether the child would be responsive to treatment. All indicated that they did not select children on this basis (and several commented that this would be unethical). It is possible that the risk factors predict whether a child will respond successfully to treatment or not, rather than predicting persistence versus spontaneous recovery. If the former is the case, these predictors would not work in a group of children who received no treatment. A no-treatment group was not used because, as stated earlier, withholding treatment is unethical. Inclusion of a no-treatment group would be important for establishing the effect of receiving/not receiving treatment and for other aims (e.g., predicting risk for onset of stuttering).
A further caveat is that the risk factors included are not comprehensive. Of particular note is the absence of language factors, which several authors consider to be important prediction criteria for onset and course of the disorder. Language factors can be obtained from the speech samples (e.g., use of delayed or disordered phonology, grammatical complexity of material produced, type/token ratios) for predicting risk of persistence. The possible role of language factors for predicting onset and course of stuttering has been reviewed recently. 5 However, as mentioned in the introduction, Watkins 25 examined language factors for young speakers using the Yairi and Ambrose data and did not find any indication of notable delays. Although Reilly et al 4 reported a significant effect of vocabulary scores at 2 years of age for predicting stuttering onset, which is in the opposite direction to that expected from previous work 2 and there was also the problem of poor model fit, which was discussed in the introduction. These observations do not indicate a major role for language factors for young children who stutter (either for onset or regarding course into persistence).
Finally, we turn to how clinicians could use this information. Outcome by the teenage years is not perfectly predicted, so misclassification of individual cases is possible. Use with particular cases needs to reflect this fact. Results at different probability cutoffs were also reported. Consultation needs to take place with clinicians and clients to establish the best way of using this information. Clinicians might not want to know the likelihood that a child will persist or recover, as this may affect their approach to the child's treatment. Parents and children might not want to know that they are likely to have ongoing fluency problems, or they may opt for treatment even if there is a high likelihood of recovery. That said, many clinicians with whom we have discussed these matters show a clear preference toward having this information. Funding authorities need to be aware of whether or not clinicians want risk factor information for use in their work.
